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The Effect of Cosmetic Vehicles on the Penetration of 
N-Nitrosodiethanolamine Through Excised Human Skin 
ROBERT L. BRONAUGH, PH.D., ELAINE R. CONGDON, M.S., AND ROBERT J. SCHEUPLEIN, PH.D. 
Division of Toxicology, Food and Drug Administra.lion., Washington, D.C., U.S. A. 
Cosmetic products are frequently applied to the skin 
by a large number of people, but some contain com-
pounds that are potentially toxic, if absorption through 
the skin is sufficient. The percutaneous absorption of N-
nitrosodiethanolamine (NDELA), an impurity in many 
cosmetic products, has been evaluated in diffusion cells 
using excised human skin. The nitrosamine was applied 
to the skin in vehicles with different solubility proper-
ties . The permeability constants for water (5.5 x 10- 6 em 
hr- 1) and propylene glycol (3.2 X 10-6 em hr- 1) were 
small and similar. In isopropyl myristate, the permea-
bility constant increased approximately 250-fold to 1.1 
x 10- 3 em hr- 1 • The NDELA membrane:vehicle partition 
coefficients were determined using trypsin-treated stra-
tum corneum as the membrane. These coefficients were 
1.8 and 1.0, respectively, for water and propylene glycol 
and 230 for isopropyl myristate. The permeability of 
NDELA through· skin is apparently increased greatly 
when applied from sufficiently lipoidal formulations; 
this is primarily due to the favorable partition coeffi-
cients for NDELA from such formulations. The amount 
of NDELA penetrating the skin from 3 types of cosmetic 
products was calculated base~ on their different condi-
tions of use. Products applied over large areas of the 
body that remain on the skin for long periods of time 
(i.e., sun tanning lotion) will result in the greatest ab-
sorption of NDELA if all other factors are equal. 
N-Nitrosodiethanolamine (NDELA) has recently been de-
tected as a n impurity in a number of cosmetic products in 
amounts ranging from less than 1 to 48,000 ng/g [1]. This 
nitrosamine is car cinogenic in rats after oral administration [2] 
;;r.nd in hamsters given the compound subcutaneously [3]. The 
mechanism of formation of NDELA is unknown but may be a 
reaction of the di- or triethanolamine used ip many cosmetic 
formulations with a nitrosating agent [1]. 
Cosm etics are often applied over large areas of the body. If 
they contain nonvolatile components such as NDELA, these 
compounds tend to remain in contact with the skin for long 
periods of time. The study reported here was undertaken to 
determine the a bility of NDELA to penetrate excised human 
skin. Since the vehicle is known to play an important role in 
percutaneous absorption, and because NDELA is found in a 
wide ra nge of cosmetic products, the effect of 3 vehicles on skin 
penetration was examined. 
METHODS 
Human abdominal skin was obtained at autopsy, and the epidermis 
was removed after the skin was heated in 60°C water. The integrity of 
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the barrie; of the epidermis was verified by measuring the permeability 
of tritiated water. Samples of epidermis could generally be stored for 
3-4 weeks at 4°C without a significant increase in tritia ted water 
permeability. The permeability of NDELA through human epidermis 
was determined in diffusion cells selected to give testing conditions 
similar to those in. vivo (Fig 1) . The upper compartment (donor) was 
open at the top to allow application of a layer of vehicle approximately 
1-mm thick to the stratum corneum side of the epidermis. The layer 
completely covered the membrane (area = 2.54 em') and contained 
dissolved '"'C-NDELA. Evaporation of the volatile vehicle, water, was 
prevented by covering the top of the cells with Parafr.lm. The concen-
tration ofNDELA applied (approximately I f.Lg/ f.LI) remained essentially 
uniform and unchanged throughout the experiment since it was in large 
excess of the amount penetrating the skin and the diffusivity ofNDELA 
in all the vehicles was lru·ger than the diffusivity in stratum com eum. 
The lower chamber (receptor) contained normal saline that was contin-
ually mixed with a magnetic stirring bar. The cells were incubated in a 
32°C constant temperature water bath . Samples were taken periodi-
cally from the receptor through a side arm to determine the flu x. The 
permeability constant (k,) for NDELA was then calculated from the 
relationship flux = (k,) (concentration) [ 4). 
The paJ" t itioning of NDELA between the 3 vehicles tested, water 
propylene glycol, and isopropyl myristate, and stratum corneum (mem: 
brane) was determined by modification of a method previously de-
scribed [5]. Desiccated, weighed pieces of stratum corneum (approxi-
mately 2 mg) from which viable cells had been removed were wrapped 
in fi lter paper to facili tate removal of the membrane at the end of the 
experiment. The membrane samples were incubated 4 days a t 32°C in 
the various vehicles containing dissolved •·•c-NDELA. The samples 
were removed, blotted as dry as possible, and weighed on an analytical 
balance, and the •·•c-NDELA content was determined by liquid scintil-
lation counting in a Beckman LS 9000 instrument. Disintegrations per 
minute were determined by an external standard procedure and cal-
culated by the instrument's data reduction system. The membrane 
levels of NDELA were corrected for the amoun t contained in the 
vehicle remaining in or on the membrane after blotting. The weight of 
this remaining vehicle was equal to the increase in weight of the 
membrane found at the end of the experiment. The NDELA concen-
tration in the vehicle was assumed to be the same both on and inside 
the membrane for this correction; however, this is only an approxima-
tion for the amount conta ined inside the membrane. The partition 
coefficient (Km) was calculated as the ratio of the concentration of 
NDELA in the membrane divided by the concentration in the vehicle 
(i.e. , Cm!Cv). 
•·•c-NDELA was synthesized by New England Nuclear with a specific 
act ivity of 6.38 mCi/mmole. The purity was greater than 99% as 
determined by paper chromatography. 
RESULTS 
The 3 vehicl es were selected from a list that shows the 
frequency of occurrence of ingredients in cosmetic products 
[6]. Water is the most common ingredient found in cosmetics, 
and propylene glycol is the most common hydrophilic vehicle, 
other than water itself. Isopropyl m yristate is a widely used 
lipoidal compound. The steady state flux and permeability 
constant for NDELA were determined from the time course of 
a bsorption in each vehicle (Fig 2) and are given in Table I. 
S imilaT k11 values were obtained for wa ter (5.5 x w-" em hr- 1) 
and propylene glycol (3.2 X w-ti em hT- 1). With isopropyl 
myristate, th e permeability ofNDELA increased approximately 
250-fold to 1.1 X 10- :J em h1·- '. 
The Km values for NDELA with the 3 vehicles are also 
shown in T a ble I. The partition coefficient was similar for water 
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and propylene glycol but increased approximately 160-fold in 
t he isopropyl myristate. 
DISCUSSION 
NDELA penetrated slowly through human skin when applied 
either in water or propylene glycol vehicles. This is primarily 
the result of slow diffusion through the stra tum corneum of a 
molecul e that is very polar because of the 2 hydroxy groups. 
When NDELA was applied in a more lipoidal vehicle, isopropyl 
myristate, the rate was markedly enhanced. This increased 
permeability is probably due to a more favorable partitioning 
into the membra ne since the stratum corneum: vehicle partition 
coefficient increases proportionately in isopropyl myristate. 
Other lipoidal vehicles presumably would also give enhanced 
percutaneous a bsorption of NDELA. The k" for NDELA in a 
popular lotion (an oil in water emulsion) was 6.2 X 10- 5 em Iu·- ', 
a value intermediate between the k, values found for water and 
isopropyl myristate. The lotion is a mixture of a number of 
ingredients, making classification of the vehicle regarding these 
permeability experiments difficult. Some of the ingredients 
conceivably may affect skin penetration in ways other than 
t heir effect on the overall solubili ty properties of the vehicle. 
The amount of NDELA penetrating the skin (l1n) from the 
application of a specific formulation can be calculated using the 
permeability constant for NDELA determined in the formula-
t ion . Since l1n is equal to the flux (J) X area (A) X time (l1t) 
a nd J = k" C: 
T otal amount absorbed = l1n = k,l1C Mt 
where l1C is the concentration of NDELA in the formulation, 
A is the area (em~ ) of application, and l1t is the length of time 
(hr) of contact wi th the skin. The equation tends to overesti-
mate the amount absorbed since it assumes that the concentra-
tion on the surface remains undepleted a nd it assumes an 
immediate steady state rate of penetration, disregarding t he lag 
t ime. 
+--Donor 
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FIG 1. Diffusion ce ll used in percutaneous absorption studies (A ). 
T he components and the location where the skin sample is placed 
between the 2 ha lves of the ce ll a1·e shown. (B) The ha lves are joined 
by a pinch clamp which is tigh tened and then attached to a holder in 
t he water bath. 
TABLE I. Permeation st.u.dies of N·nilrosodiethanola.m.ine in various 
vehicle~;" 
Flu x Permeability Membrane:vehicle Veh icle (ng cm - :t co nstant 
hr' 1) (em hr 1) partit ion coeffi c ie nt 
Water 7. 1 ± 1.2 5.5 X 10- " (6) 1.8 ± 0.1 (5) 
±0.9 X 10-" 
P ropylene 3.2 X 10 '' (5) 1.0 ± 0. 1 (4) 
glycol 4.7 ± 0.2 ±0.2 x w-" 
Isopropyl 1.1 X 10- " (9) 228.2 ± 19.9 (5) 
myristate 292 ± 44 ±0.16 X 10-" 
" Results are t he mean ± SE of t he number of de termination in 
parentheses. 
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FIG 2. Percutaneous absorption of N·nitrosodiethanolamine 
(NDELA) as a function of t ime and vehicle.o-o, water ; 0-0, 
propyelene glyco l; 6--6, isopropyl myristate. 
TABLE II . Estima.te of the amount of N·nitrosodietha.nolamine 
(NDELA) absorbed through shin 
Area of Duration of Amoun t of 
Cosmetic application contact with NDELA (cm2 ) skin absorbed (}.tg) 
Facial 200 12 hr 1.5 
H air 
shampoo 300 4 min O.QI 
Tanning 
lotion 10,000 12 hr 74 
The value of the permeability constant in aiding risk assess-
men~ of topical products containing a potentially toxic com-
pound is illustrated in Table II, which shows the amount of 
NDELA penetrating t he skin from different types of cosmetic 
products. An NDELA concentration of 10 ppm is assumed for 
a ll formulations and t he k" for NDELA determined in a popular 
lotion (6.2 x w-r. em hr- 1) is used. A greater risk is incurred 
with cosmetics applied to large areas of the body and not 
immediately removed (ta nning lotions). Compounds such as 
shampoos which aTe applied to smaller areas of skin and are 
removed after a few minu tes resul t in a much reduced penetra-
t ion of NDELA provided t hat concentration and kp are un-
changed. 
Recently, NDELA skin penetration was measured in a hu-
ma n after a pplication of a cosmetic product [7). The amount of 
skin a bsorption was estimated by determining the urinary ex-
cretion of NDELA after the compound had been applied for 
7.75 hr over a body surface area of 2090 cm2 (chest and back) . 
After 21.5 h1·, 17.3J.!g of NDELA had been excreted in the urine. 
Although a different vehicle had been used, these data were 
compa1·ed with the resul ts from the diffusion cells. Using the 
NDELA k" obtained with the popular lotion, the amount of 
NDELA penetrating the skin under the conditions of the in 
vivo test was calculated. The 77.3 llg value is of t he same order 
of magnitude as the value in the in vivo study. The in vitro 
diffusion cell measurements, therefore, can be helpful in pre-
dicting skin penetration of NDELA in different formulations. 
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Announcement 
The .American Board of Dermatology a nd t he American Board of Pathology announce an examination 
for special competence in dermatopathology. This is a notice to diplomates who wish to apply under the 
"experience" category . 
The fin al expiration date for applications under the "experience" category is December 31, 1981. The 
Dermatopathology Qualifications Committee will consider applications from persons who hold a basic 
certificate from the American Board of Dermatology or the American Board of Pathology (anatomic 
pathology, or anatom.ic and clinical pathology) and 2 years of experience in dermatopathology acceptable 
to the Cqmm.ittee. The training requirements for basic ce rtification must have been completed before 
December 31, 1977, and the 2 years of acceptable experience in dermatopathology must have been 
completed before December 31, 1979. 
After December 31, 1981, app lications will be accepted ONLY from those candidates (regardless of the 
date of completion of residency t ra ining) who have had one year of full-time residency training in 
Dermatopathology in a Dermatopathology residency training program which has been approved by the 
Residency Review Committee for Dermatopathology a nd accredi ted by the Liaison Committee for 
Graduate M edical Education. 
Persons who believe they may qu alify for the spec ial competence examination in Dermatopathology as 
a result of the "experience" cla use should request a n application form from the office of either the 
American Board of D ermatology or t he American Board of Patholqgy. 
